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Senescence activity of extracts from the  leaves of
Bidens pilosa was determined using Rumex and bean
plants as bioassay systems. Ethanolic extracts of non-
senescent and senescent leaves were chro-
matographed (TLC) using a solvent system of benzene :
ethyl acetate : acetic acid 50:5:2 (v/v). Fraction 1 (Rf
0.0–0.1) from both non-senescent and senescent
leaves, eluted with methanol, induced senescence of
bean leaves in the light. In Fractions that were eluted
with ethyl acetate, senescence-inducing activity was
detected from non-senescent but not from senescent
leaf extracts, using the bean explant bioassay. This
senescence activity was not detected in Fraction 1 but
in Fractions 3 (Rf 0.1–0.25), 4 (Rf 0.25–0.35), 6 (Rf 0.6–0.7)
and 7 (Rf 0.9–1.0). On the TLC plates, Fractions 3 and 4
co-chromatographed with abscisic acid and 4-chloroin-
dole acetic acid respectively. The results suggest that
plant extracts contain senescence factors which oper-
ate during the active terminal phase of growth, in the
presence of light.
Monocarpic senescence which follows the reproductive
phase of many plants, is one of the most dramatic and com-
plex forms of senescence (Noodén et al. 1997). During leaf
senescence, the colour change is due both to preferential
degradation of chlorophylls and to synthesis of new com-
pounds such as anthocyanins and phenolics (Matile 1992).
Senescence might be triggered to occur at a time of the year
when the environment is becoming unfavourable due to
cold, drought or competition from other plants (Leopold
1961). Monocarpic plants escape the effects of seasonal
adversity by undergoing complete senescence, leaving
resistant structures such as fruits and seeds to survive
stressful conditions (Larcher 1973). Senescence seems to
be imposed on the chloroplast by the nucleus (Noodén
1988). Leaf senescence requires viable cells and new gene
expression (Smart 1994).
According to Grbic and Bleecker (1993) ethylene hastens
the progress of senescence by activating senescence-asso-
ciated genes while suppressing photosynthesis-associated
genes. The use of an anti-senescence gene to produce
tomato plants in which the synthesis of ethylene-forming
enzymes is inhibited has been reported (Picton et al. 1993).
In this particular experiment the onset of visible yellowing
was delayed by one week. According to Thimann (1980), the
production of ethylene can be stimulated by auxin, provided
its concentration is slightly above the physiological level.
Light seems to play an important role in senescence. In the
genus Craterostigma, light and dehydration of the leaves
trigger the expression of desiccation-induced genes. These
genes encode either chloroplastic (dsp 22, dsp 34, dsp 21)
or cytosolic (dsp 16, dsp 15) proteins (Bartels et al. 1992,
Schneider et al. 1993, Alamillo and Bartels 1996). The
expression of many of these genes is also induced by
exogenous ABA treatment in the presence of light (Alamillo
and Bartels 1996). In Craterostigma, desiccation leads to
the accumulation of specific gene products and high con-
centrations of sucrose (Bartels et al. 1990, Piatkowski et al.
1990). Derivatives of 4-chloroindole acetic acid may be
death hormones in Pisum, Vicia and Lathyrus. Chloroindole
acetic acid induces very strong, almost irreversible ethylene
production (Engvild 1989).
Recently, we have shown that deflowering of Bidens
pilosa retards senescence (Zobolo and Van Staden 1999).
Several workers have postulated that a senescence signal is
produced by fruit and seeds in monocarpic plants (Noodén
1988). If a senescence factor is produced by seeds, it would
pass via the receptacle on its way to the nearest leaf. The
objective of this study was to test whether extracts made
from leaves of fruiting Bidens pilosa could induce leaf senes-
cence in monocarpic plants.
Materials and Methods
Plant material
Bidens pilosa was used as source of material for preparation
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of extracts. For bioassay material, seeds of Phaseolus vul-
garis L. and Rumex obtusifolius L. were germinated in 10cm
pots in the nursery. Rumex seedlings were transplanted in
the garden. The experiment was carried out at Kwadlangezwa
(28°51’S, 31°51’E) where the climate is subtropical.
Preparation and separation of Bidens pilosa extracts 
Non-senescent leaf extracts were prepared using green
leaves from fruiting Bidens pilosa plants. Senescent leaf
extracts were prepared using fruiting Bidens pilosa plants
with leaves more than half yellow in colour (Lindoo and
Noodén 1976). During the preparation of the extracts, 4.5g
dry weight samples were crushed and extracted with 250ml
80% ethanol overnight.
The pH of the extract was first adjusted to pH 8.6 using
1% sodium hydroxide. It was then partitioned three times
against petroleum ether using 50ml of solvent, followed by
ethyl acetate in a separating funnel. The aqueous phase
was then adjusted to pH 2.8 with HCl, and partitioned
against ethyl acetate. The acidic ethyl acetate fraction was
purified via TLC using a mixture of benzene: ethyl acetate :
acetic acid (50:5:2) (v/v). The extract (750µl) was strip-
loaded onto a 20 x 20cm (Merck) UV fluorescent 60F254 sili-
ca gel TLC plate using a Pasteur pipette. Solutions of ABA,
IAA, GA3 and JA were prepared by dissolving 1mg in 10ml
of water. The solutions were run together with the extracts.
The procedure of Shindy and Smith (1975) which is pre-
sented in Figure 1 was used. The silica gel associated with
the Rfs was scraped from the plates, eluted with 100ml ethyl
acetate or methanol which was later evaporated. Some TLC
plates were stained using p-anisaldehyde. Each Rf was
resuspended in 5ml methanol or ethyl acetate; of these, 1ml
was poured into a pill vial, dried, resuspended with 5ml
water and tested for activity. For lower concentrations, a
standard serial dilution was done.
Bean bioassay
Decapitated bean explant experiment 
Plants with two pairs of trifoliate leaves were cut at soil level,
sterilised with 1% sodium hypochlorite for 1min and placed
in distilled water in the growth room for 24h as pretreatment.
The upper leaf and primary leaves were removed from each
plant and those remaining on the plant were treated as fol-
lows: Two drops of 0.05% Tween 20 and 4 drops of the plant
extract were placed on the abaxial side of both opposite
leaflets on one side of the midrib. The mixture was then
spread on the leaflets as outlined by Lindoo and Noodén
(1978). Plants were kept in distilled water in the growth room
(continuous low light, 25°C) until senescence commenced.
Distilled water mixed with 0.05% Tween 20 was used as a
control. After 3 days a fresh cut was made at the base of the
cutting and any roots produced were removed (Leopold and
Figure 1: Procedure for analysis of leaf and receptacle extracts of Bidens pilosa
SAMPLE (25g) EXTRACTED WITH 250ml 80% ETHANOL,
FILTER, EVAPORATE, CENTRIFUGE
ADJUST PH TO 8.6 AND PARTITION AGAINST ETHER
ADJUST PH TO 8.6 AND PARTITION AGAINST ETHYL ACETATE
H2O
H2O (discard)
H2O
ADJUST PH TO 2.8 AND PARTITION
AGAINST ETHYL ACETATE
ETHER (discard)
ETHYL ACETATE
TLC
BIOASSAY
ETHYL ACETATE
EVAPORATE
RESUSPEND IN 4ml
ETHYL ACETATE OR METHANOL
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Kawase 1964). Leaf discs were taken from the treated
leaflets.
Chlorophyll analysis
Bean leaf discs (1cm2) were weighed accurately to obtain
0.1g fresh weight. Leaf samples were homogenised in a
mortar and pestle and extracted overnight in 5ml N,N-
dimethylformamide. The resultant homogenate was filtered
through Whatman No. 1 filter paper. The absorbance of the
aliquots of the extracts were then measured in a Beckman
DU-64 spectrophotometer at 647nm (maximum for chloro-
phyll b) and 664nm (maximum for chlorophyll a) using 10mm
cuvettes. Absolute chlorophyll concentrations (chl a and chl
b) expressed in mg, were calculated according to Inskeep
and Bloom (1985). The data are presented as means with
standard errors. 
Results and Discussion
Crude ethanolic extracts made from green leaves (non-
senescent) and from leaves greater than half yellow (senes-
cent) were purified using TLC to obtain a number of
Fractions which were eluted with both methanol and ethyl
acetate. All the Fractions were tested for activity.
Methanol elution
Fraction 1 (Rf 0.0–0.1) from senescent and non-senescent
leaves was active in bean bioassays at concentrations 100
(0.1mg of active fraction/10ml of distilled water) to 10-2
(0.001mg of active fraction /10ml of distilled water) under
light conditions (Figure 2). Fraction 1 was eluted with
methanol, dried, re-suspended in water and applied to
leaves of decapitated bean explants at different concentra-
tions. Senescence started from the treated spots and spread
over the entire treated leaf. There was no difference
between the senescence activity of Fraction 1 obtained from
either senescent or non-senescent leaves. Fraction 1 (Rf
0–0.1) co-chromatographed with GAs but not with standard
solutions of abscisic acid, jasmonic acid or 4-chloroindole
acetic acid (Figure 3). Fraction 1 from both senescent and
non-senescent leaf extracts yielded activity when eluted with
methanol. This activity with Fraction 1 was also detected
when the Fraction (Rf 0–0.1) from non-senescent leaf
extracts was eluted with ethyl acetate (Figure 4D), but was
not present in senescent leaf extracts (data not shown).
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Figure 2: Effect of TLC fractions of an ethanolic extract of non-senescent (); and senescent () leaves of Bidens pilosa on chlorophyll con-
tent of decapitated bean explants in the light. The TLC solvent system was benzene/ethyl acetate/acetic acid (50:5:2) and the Fractions were
eluted with methanol. Activity is indicated as chlorophyll content of leaf discs. Histograms are upside-down because the Fractions reduce the
amount of chlorophyll in the leaf bioassay. The base level at ~1.4 is the control value
Ethyl acetate elution
Fractions from senescent leaf extracts which were eluted
with ethyl acetate, dried, re-suspended in water and applied
to leaves of decapitated bean explants at different concen-
trations, did not induce senescence of bean cuttings in the
light (data not shown). Four Fractions from non-senescing
leaf extracts which were eluted with ethyl acetate showed
senescence-inducing activity in the decapitated bean
explant bioassays. Fraction 3 (Rf 0.10–0.25) from non-
senescent leaf extracts which were eluted with ethyl acetate,
induced a small amount of senescence in light, but there
was no clear pattern of the effect of concentration (Figure 4).
Fraction 3 (Rf 0.10–0.25) co-chromatographed with ABA.
ABA promotes the loss of chlorophyll and protein in light
(Zhi-Yi et al. 1988). The mode of action of ABA is linked to a
water stress. ABA causes stomatal closure and triggers eth-
ylene production. Senescence activity of this Fraction was
low perhaps because the treated plants were kept in distilled
water, which it is assumed reduced or eliminated any water
stress. In this respect, Fraction 3 could be considered as
ABA-like in both Rf and behaviour. According to Dent and
Cowan (1994), exogenous ABA causes a decline in chloro-
phyll and carotenoid content of light-incubated barley leaf
segments, and the rate of decline increases with an increase
in exogenous ABA concentration of 10-5M to 10-3M.
Fractions 4 (Rf 0.25–0.35), 6 (Rf 0.6–0.7) and 7 (Rf
0.9–1.0) from non-senescent leaf extracts, eluted with ethyl
acetate, dried, re-suspended in water and applied onto
leaves of decapitated bean explants at different concentra-
tions, were active at concentrations around 10-2–10-3M in
light (Figure 4). This Fraction (Rf 0.25–0.35) co-chro-
matographed with 4-chloroindole acetic acid. The senes-
cence-inducing effect of seeds on bean leaves can be dupli-
cated by replacing the seeds with auxin (Tamas et al. 1981).
In soybean leaves, IAA decreased during podfill (Hein et al.
1984). Since senescent leaves were collected from plants
that were undergoing monocarpic senescence, it is likely
that their IAA content had declined. Fractions 5 and 6 had
two bands each, an upper and a lower one. These bands
were identified by colour developed from p-anisaldehyde
treatment. Both bands in Fraction 5 gave no activity and
were thus reported as one fraction. On the other hand, the
two bands in Fraction 6 gave equal activity and were also
reported as one Fraction. A possible explanation for the loss
of activity in Fractions 3, 4, 6 and 7 of senescent leaf
extracts is that compounds decline due to utilisation and
metabolism during senescence.
These results indicate that green leaves of Bidens pilosa
contain promoters of senescence. Thus, even during active
leaf growth senescence signals are translocated from one
organ to another e.g. from fruits to the nearest leaf.
Maturation of the fruit causes a decline in chlorophyll content
of Bidens pilosa (Zobolo and Van Staden 1999). Signals
from the fruit appear to trigger remobilisation of leaf N for
reproductive growth and cause a decline in photosynthesis
(Pettigrew et al. 2000). More senescence activity was
detected in non-senescent than in senescent tissues, sug-
gesting that the signals are produced during the active
growth phase of the plant. Their decline in senescent tissues
suggests that they are catabolised once their ‘messages’
have been ‘delivered’. These are preliminary results and fur-
ther studies are currently undertaken to confirm the nature of
senescence inducing components by physico-chemical
analysis.
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